Introduction
The colonization of the human stomach by virulent Helicobacter pylori strains is associated with a significantly increased risk for developing several gastric diseases, such as gastric adenocarcinoma and mucosaassociated lymphoid tissue lymphoma [1, 2] . These H. pylori strains harbor a cytotoxin-associated gene (cag) pathogenicity island (PAI) that encodes protein components of a specialized macromolecular transport apparatus known as the type IV secretion system (T4SS) and its well-characterized marker, the effector protein cag A, CagA (HP0547/Cag26), which is regarded as a bacterial oncoprotein [3] . The cag T4SS delivers the CagA protein that promotes chemokine release and causes alterations in the cell signaling once it is within the gastric epithelial cells [4] [5] [6] . The cag T4S system also induces the production and secretion of the proinflammatory cytokine interleukin-8 (IL-8) in gastric epithelial cells in a process associated with the delivery of peptidoglycan [7] . For this reason, the presence of the cag PAI is a hallmark of virulent H. pylori strains because it causes chronic inflammation of the gastric mucosa and alterations in the cell signaling associated with gastric carcinogenesis [8, 9] .
Type IV secretion system
Type IV secretion systems are versatile macromolecular machines that are widely distributed among several bacteria species and are classified in three main functional categories as follows: (a) conjugation systems, such as those translocating DNA substrates to recipient cells by direct contact; (b) DNA release or uptake systems that transport DNA to and from the extracellular space [10, 11] ; and (c) translocation machines that transport substrates, ranging from small proteins to large nucleoprotein complexes, to the extracellular space or into target cells. Nucleoprotein complexes or effector proteins can be transported into many types of recipient cells, including eukaryotic and fungi cells [12] .
The prototypical T4SS is the Agrobacterium tumefaciens VirB/VirD4 system, which is the most well studied [13] . This T4SS transfers virulent proteins and the T-DNA segment from the resident tumor-inducing plasmid into a wide variety of recipient plant cells. Once integrated into the host's nuclear genome, T-DNA is expressed and causes cell transformation resulting in the formation of crown-gall disease [14] . This transport system is a syringe-like structure comprising 12 subunits, including 11 essential proteins (VirB1-VirB11) encoded by the operon virB and a coupling protein (VirD4) that mediates substrate recognition [12] . Most of these 12 proteins are conserved among other known bacterial T4SSs. However, some systems are adapted for a particular function and include either more or < 12 structural components [13] .
The A. tumefaciens VirB/VirD4 T4SS proteins form a macromolecular machine comprising a T-pilus complex, which is an extracellular appendage component extending from the cell surface, the inner membrane complex, and a transmembrane channel known as the core complex that is responsible for transporting substrates across bacterial membranes [13] . The T-pilus protein complex is thought to initiate cell-cell contact with the plant target cells before the T-DNA is transferred. This structure is composed of a main VirB2 subunit and an accessory VirB5 component, functioning as a specialized adhesin that bridges T4SS to the target cells [15] [16] [17] [18] . The inner membrane complex contains the energetic components VirB4, VirB11, and VirD4, which have conserved Walker A and B box motifs that are required for nucleotide binding and hydrolysis, respectively. These energetic components are conserved among other Gram-negative bacteria and provide energy for T4SS assembly and/or other functions [19, 20] . The VirB3 and VirB6-VirB10 are components of the core complex, which structure the substrate translocation channel that span the two membranes with VirB6, VirB8, and VirB10 attached to the inner membrane with domains spanning the periplasm, and VirB7 and VirB9 form the outer membrane portion [12, 19] . The functional T4SS also includes VirB1, a protein whose transglycosylase activity is important for assembly efficiency [15, 18] .
cag pathogenicity island
The cag PAI of H. pylori is a~40 kb region of chromosomal DNA that encodes~27 Cag proteins [21] [22] [23] . Approximately 20 of these proteins have been designated as cag T4SS components. However, only 11 of these proteins share function, structure, and/or sequence similarities with the prototypical VirB/VirD4 T4SS of A. tumefaciens. The VirB/VirD4 orthologs of the cag T4SS of H. pylori are required for CagA translocation and to stimulate the gastric epithelial cells to produce and secrete 24, 25] . However, only 5 of these 11 orthologs of the cag T4SS show significant sequence similarity to proteins of the prototypical T4SS of A. tumefaciens [20, [24] [25] [26] [27] . For example, CagE (Cag23/HP0544), CagX (Cag8/HP0528), CagY (Cag7/HP0527), Caga (HP0525), and Cag5 (Cagb/ HP0524) show important sequence similarities with VirB3/VirB4, VirB9, VirB10, VirB11, and VirD4 of A. tumefaciens, respectively [26] . The remaining six proteins, Cag4 (Cagc/HP0523), CagC (Cag25/HP0546), CagL (Cag18/HP0539), CagW (Cag9/HP0529), CagT (Cag12/HP0532), and CagV (Cag10/HP0530), do not share sequence similarity with VirB/VirD4 T4SS components of A. tumefaciens. Nevertheless, protein localization, protein-protein interaction, and functional analysis suggested that they correspond to VirB1, VirB2, VirB5, VirB6, VirB7, and VirB8 components of cag T4SS, respectively [26] [27] [28] [29] [30] [31] [32] [33] . For example, in many T4SSs, VirB1 and its orthologs share a conserved SLT domain in amino acid sequence and may function as lytic transglycosylase. Cagc is the only protein that contains a conserved SLT sequence motif in cag PAI, and it has a demonstrated lytic activity against bacterial cell walls [28] . Therefore, Cagc corresponds to the VirB1 ortholog that contributes to the assembly of cag T4SS by digesting the peptidoglycan meshwork of the H. pylori cell wall [26, 28, 34] .
Similarly, the T-pilus is an external structural part of the A. tumefaciens T4SS composed mostly of the processed VirB2 component. CagC has been identified, using a motif-based search, as the VirB2 ortholog. It is partially exposed on the surface, possesses predicted structural similarities when is compared with VirB2-like pilins of other T4SSs. Nevertheless, in contrast with A. tumefaciens T4SS, in cag T4SS, the VirB10 (CagY) ortholog is the main component of the needlelike structure (Fig. 1) [27, 29] .
Additionally, when the crystal structure of TraC, the VirB5 homolog from the pKM101 T4SS, was used as a template to perform a detailed protein modeling analysis, many sequences of VirB5 proteins returned a high score, indicating that the structure of TraC can be considered a paradigm for most VirB5 orthologs [30] . A structural modeling of CagL using the TraC structure revealed a reasonable fit of the CagL sequence within the TraC structure [30] . Functional studies of TraC have suggested that this protein plays a role in adhesion, mediating cell-cell interaction during conjugation, which is consistent with role of CagL in the interaction with host cell receptors and its location at the tip of cag T4SS pilus (Fig. 1) [27,30,34-38]. Accordingly, CagL corresponds to the VirB5 ortholog of the cag T4SS.
Similarly, among cag PAI-encoded proteins, CagW has been proposed as the ViB6 component of the cag T4SS [27] . The proteins of the VirB6 family share a limited similarity in amino acid sequence, but they have 5-7 predicted transmembrane helices. CagW has six potential transmembrane helices, but has no similarity on the primary sequence level. Additionally, the last predicted transmembrane helix in CagW is rich in Fig. 1 . Schematic representation cag T4SS of Helicobacter pylori. The cag T4SS components are shown in a simple manner; they are not drawn to scale or exact number of subunits. The 11 proteins of cag T4SS that present orthology with those components of the prototypical Agrobacterium tumefaciens VirB/VirD4 T4SS are described as B1-2, B3/4, B5-11, and D4, respectively. The eight additional components of cag T4SS required for CagA translocation and/or to induce IL-8 are represented by Cag3, CagM, CagF, CagH, CagI, CagZ, CagU, and CagG. These eight additional cag T4SS components are depicted in their most likely localizations according to sequence prediction or experimental data described in the text. Each defined component of the cag T4SS is represented in different colors according to their codes. In addition, the effector CagA is colored in light red.
3542
The valine/leucine/isoleucine content, which is considered important for the function of VirB6 [27]. Furthermore, CagW contains an essential tryptophan residue in a conserved motif preceding the last predicted transmembrane helix similar to the VirB6 family members, which is localized in a cytoplasmic loop before transmembrane helix 4 [27].
On the other hand, although no VirB7 homolog was found in the cag PAI, the inferred cagT product contains a typical bacterial lipoprotein signal sequence (SS) of the VirB7 orthologs [33] . In addition, CagT as the other VirB7 proteins, is partially exposed on the bacterial surface [27, 33] , and although CagT is a much larger protein when compared with the small lipoproteins VirB7 and VirB7-like proteins, CagT can be considered as a member of a second class of ViB7 lipoproteins involved in additional functions in the cag T4SS [26] .
CagV exhibits absence of obvious sequence homologies with any component of the T4S systems. Nevertheless, this protein has features similar to the VirB8 homologs. CagV is a bitopic inner membrane protein with only one predicted transmembrane helix span [27, 31] . CagV also shows the three most conserved motifs among all VirB8 homologs. These conserved motifs can be located at different sequence positions within the VirB8 homologs, but the only predicted transmembrane helix always precedes the first motif (PLK) directly [31] . All these structural features suggest that CagV belongs to the VirB8 family of proteins [31] .
Unique cag T4SS components
The cag T4SS has a more elaborated structure than other T4SSs and needs more subunits than the A. tumefaciens VirB/VirD4 system for CagA translocation and/or to induce IL-8 secretion into the target cells [34] . These additional subunits are unique and presumably represent specialized adaptations optimized for type IV secretion in the human gastric mucosal environment given that they do not show sequence similarity or topology to components of other bacterial T4SSs, and their function and localization in this secretion machinery is uncertain [39] . The cag PAI encodes a group of distinctive components, including Cag1 (Cags/HP0520), Cag2 (Cage/HP0521), CagQ (Cag14/HP0535), and CagP (Cag15/HP0536), which are not necessary to the CagA translocation or IL-8 induction [34] . Nevertheless, the cag PAI also encodes a group of eight distinctive components including Cag3 (Cagd/HP0522), CagM (Cag16/ HP0537), CagU (Cag11/HP531), CagI (Cag19/ HP0540), and CagH (Cag20/HP0541), whose absence results in a severe impairment of CagA translocation and IL-8 induction. Meanwhile, the absence of CagF (Cag22/HP0543), CagG (Cag21⁄HP0542), or CagZ (Cag6/HP0526) just prevent the CagA translocation [20, 34, 35, [38] [39] [40] . These eight unique cag T4SS components and their putative roles in assembly, localization, and interaction are described below.
Cag3 (Cagd/HP0522)
Cag3 is essential for cag T4SS activity given that cag3 mutant strains are defective in pilus formation, and therefore, are unable to translocate CagA and induce IL-8 in the human gastric epithelial cell line AGS [34, [41] [42] [43] . cag3 is transcribed, along with cag1, cag2, and cag4 (numbered in the direction of transcription). The polycistronic mRNA is translated as Cag3, the PG hydrolase Cag4, and the proteins Cag1 and Cag2, which are not essential for cag T4SS function [22, 44, 45] . Alternatively, a putative promoter overlays cag3, and the contiguous upstream region also promotes the expression of cag3 and cag4 as a polycistronic mRNA molecule [44] . This protein has a molecular weight of 55 kDa and a size of 481 amino acids, possesses a pI (isoelectric point) of 8.87, and contains two predicted coiled coils and an amino-terminal SS for transport to the periplasmic space [21, 22, 26, 27, 32, 42] . Cell fractionation experiments showed that the bulk of the Cag3 protein is in the membrane-associated fraction [42] . Cag3 has been detected on the external surface of H. pylori or as a component of the outer membrane [46] .
Additionally, affinity purification of proteins expressed by H. pylori during growth, in the absence of AGS cell contact showed that Cag3, within the periplasmic space, forms oligomers and interacts with the cag T4SS core components in the membrane-associated fraction [32, 42] . Coimmunoprecipitation and cross-linking approaches showed that Cag3 specifically interacts with CagM, CagT, CagX, and CagY, which together form part of the cag T4S membrane-spanning core complex (Fig. 1) [42] . The interaction of Cag3 with CagT, another component required for pilus formation, represents the most specific Cag3 protein partner based on the abundance of CagT peptides identified by affinity purification followed by mass spectrometry approaches [42] . Another characteristic of the Cag3/CagT interaction is that it is required to stabilize both proteins and maintain their optimal levels in the outer membrane subcomplex of H. pylori T4SS [42] . Consistent with these studies, an in-depth analysis indicated that Cag3 specifically cosediments with CagM, CagT, CagX, and CagY in high-molecular-mass fractions in glycerol density gradients [47] . This analysis, using negative-stain single-particle electron microscopy, revealed that Cag3 is a component of the membrane-spanning core complex that consists of an outer ring of 41 nm in diameter and a 19 nm diameter central ring that are connected to each other by spoke-like links [47] . A mutant missing the Cag3 component has complexes with a well-defined central ring but a poorly defined outer ring. Furthermore, the localization of Cag3 by immunogold labeling analysis revealed gold particles in the periphery of the outer ring of the complexes from the wild-type (WT) strain, whereas a mutant lacking Cag3 did not show these particles, confirming that Cag3 is a peripheral component of the membrane-spanning core complex [47] . Collectively, these results indicate that Cag3 helps to form and stabilize VirB7 steady-state levels of the membrane-spanning core complex, which is required for pilus formation and the full activity of the cag T4S machinery.
CagM (Cag16/HP0537)
CagM is an additional unique component with functional relevance for the cag T4SS. Mutagenesis analyses demonstrated that DcagM strains are defective in pilus formation, and consequently, do not translocate CagA, release peptidoglycan, or induce IL-8 secretion in host gastric cells [7, 20, 32, 34, 43, 48] . cagM forms an operon with the downstream gene cagN, which is expressed as a polycistronic mRNA [44, 45] . cagN (cag17/hp0538) deletion has an intermediate effect on CagA delivery and IL-8 induction phenotype [49, 50] , and there is no evidence that CagM and CagN interact. Curiously, cagN can also be expressed from its own promoter as monocistronic mRNA [45] . CagM is a 44 kDa protein made of 376 amino acids with a calculated pI of 9.25-9.29; it contains at least three coiled coils and a predicted SS driving its export to the periplasm space [27, 32, 48] .
Cell fractionation experiments, 2-DE, and immunoblot analyses showed that CagM is primarily found in the membrane-bound fraction [27, 47, 48] . CagM is more abundant in the outer membrane fraction than in the inner membrane fraction, where it is found as a surface-exposed outer membrane protein, together with CagT and Cag3 [27, 46] . In the membrane-bound fraction, it oligomerizes with itself and interacts with other cag PAI-encoded proteins, such as CagT, CagX, CagY, and Cag3 (Fig. 1) [27,32,42,47] . CagM, like Cag3, is one of the five Cag components of the ringshaped complex, along with CagT, CagX, and CagY, which show some similarities in sequence or function to components of the membrane-spanning core complex of VirB7, VirB9, and VirB10 of A. tumefaciens T4SS, respectively [19, 27, 33, 47] . A negative-stain single-particle electron microscopy analysis revealed that ring-shaped complexes could not be recovered from a DcagM mutant [47] . Such an absence in the membrane fraction could be explained by the reduced stability of the heterodimer Cag3/CagT; the DcagM mutants produced significantly lower amounts of CagT (60%) [27, 34, 42] .
CagF (Cag22/HP0543)
CagF is a cag PAI-encoded protein located within the operon cagC-cagL or alternatively within the operon cagF-cagL [45] . CagF is a 31-35 kDa protein of 268 amino acids, with predicted pI of 4.5-4.64 and shows high immunoreactivity in humans [39, [51] [52] [53] . Bioinformatics approaches indicate that this protein does not contain an SS, but it does have a coiled-coil motif [52] . The CagF immunolocalization in bacterial cell fractions show that CagF antibodies are bound to the inner membrane and cytoplasmic fractions (Fig. 1) [52, 53] . CagF is required for the translocation of CagA, and although it has been reported that it is not required for secretion of IL-8 [50] , CagF has an important effect on the induction of secretion in the target cells [20, 53] . The interaction between CagF and CagA is very strong and direct, as it is the only prominent protein that CagA coprecipitates with [27, 52, 53] . However, CagF is not delivered with CagA into host cells, so it has been proposed that CagF is a chaperone-like protein that recruits CagA before it interacts with the cag T4SS apparatus [52, 53] . CagA, like other effectors in T4SS, in addition to requiring a secretion-targeting signal within the N-and C-terminal domains, it needs a chaperone in order to be recognized as T4SS substrate before being delivered to the membrane-spanning core complex of the T4S system [52] [53] [54] . Although chaperones are proteins that are typically characterized by a low molecular weight and low pI, the molecular weight of CagF is larger [52] . Nevertheless, the CagF cytoplasmic and inner membrane localization and the fact that is not delivered together with CagA within target cells are consistent with its chaperone-like function [52] . Indeed, isothermal titration calorimetry showed that CagF engages CagA with nM affinity to form a 1:1 complex. Peptide arrays and isothermal titration calorimetry also showed that the coiled-coil motif and the C-terminal helix within CagF bind to domains I-III and domain IV of CagA, respectively [55] . This strong interaction stabilizes CagA and ensures its intact delivery into target cells by the cag T4SS. In contrast, the interaction of CagF and CagA with the core complex components is relatively weak, given that CagA and CagF are detected in the top fraction of a glycerol gradient centrifugation, separately from the core complex, which is in the bottom fraction. This is consistent with an interaction between an effector protein and secretion machinery [47] . Thus, when CagF was used as bait in an immunopurification strategy in a cagA mutant strain, it did not coprecipitate the core complex components, indicating that the CagA effector directly attaches to the core complex [47] .
CagH (Cag20/HP0541)
CagH is a 39 kDa protein made of 370 amino acids. It lacks a SS, but it is detectable in the membrane fraction [26, 38] . It has a conserved flagellar hook-associated protein K motif and it is a bitopic inner membrane protein with only one predicted transmembrane helix span (Fig. 1) [56] . Similarly, the deletion of cag3, cagW, cagV, cagU, cagM, cagL, or cagE significantly reduces the levels of CagI [56] . Similar results were obtained for H. pylori strain 26695 grown in the absence of target cells, where CagI was not detected in the isogenic mutants of cagY, cagX, cagV, cagT, cagM, cag3, and cagG [41] . In contrast, the deletion of cagI does not affect the stability of CagX, CagT, CagM, CagF, or CagZ, but it reduces CagL levels, and CagH becomes undetectable. However, cagI expression is not affected by the deletion of the cagF, cagZ, or cagA genes [41, 56] . CagI directly interacts with the host factor b1 integrin, which acts as a host cell-surface receptor on gastric epithelial cells [37, 41] . A recent study provided evidence that CagI may be a periplasmic protein that is only loosely associated with the outer membrane, with only a few molecules partially exposed on the bacterial surface, especially on the pili-like structure (Fig. 1) [41] . Nevertheless, assays performed in the absence of the target cells showed that CagI is not involved in CagA translocation to the surface of the bacterium, given that CagA is detected on the bacterial cell surface of cagI mutant strains [41] . However, CagI is essential for transporting CagA in the presence of gastric epithelial cells, given that cagI mutant strains fail to form pili [38] . Likewise, CagL was detected on pili [57] , and given that it interacts with CagI and CagH [38, 41, 56] , it is probable that these three proteins form part of the pili together with CagY and CagC [26, 35, 43, 58] . Nevertheless, it has not been experimentally demonstrated that CagI and CagH are pili components [38, 56, 59] . Interestingly, in contrast to cagI mutant strains that fail to form pili, the cagC and cagY mutants were defective in T4SS function but retained the capacity for pili formation [43] . These results are probably due to the substantially larger size of CagY (VirB10), which could give a different function from those of VirB10 in other bacterial species. In the case of CagC, it exhibits a weak sequence relationship with other VirB2 orthologs and it is not the major component of the pili, as it occurs in A. tumefaciens (Fig. 1) [29,43 ].
CagZ (Cag6/HP0526)
Based on its primary sequence, CagZ is not homologous to any proteins of the VirB/VirD4 secretion machinery of A. tumefaciens or any of the components of T4SSs. Nevertheless, cagZ mutant strains are severely impaired in IL-8 induction and are unable to transport CagA into AGS cells [34, 40] . cagZ is transcribed into a polycistronic mRNA that includes the genes virD4 and virB11 [44, 45] . CagZ is a 23-24 kDa protein, with a predicted acid pI value of 5-5.11, and it is 199 amino acids long [32, 60] . Interestingly, CagZ does not has a predicted amino-terminal SS, but is found in both the soluble and membrane fractions [32, 40] . The determination of its three-dimensional crystal structure showed that CagZ is comprised of a single compact L-shaped domain containing seven alpha helices running antiparallel to each other [60] . Seventy percent of its residues are in an alpha-helix conformation; there are no beta-sheet domains present, and it has a disordered C-terminal end. These threedimensional structures of CagZ do not present structural homologs; thus, CagZ is considered to represent a new type of protein folding [60] .
In coimmunoprecipitation assays of Cag fusion proteins expressed in Escherichia coli, CagZ was found to interact with CagV, CagM, CagX, CagS, CagI, and Cag5 [32, 40] . Curiously, of all these interactions, the most important is the interaction between CagZ and Cag5, which has a stabilizing effect on Cag5 [40] . Additionally, pull-down experiments showed that the interaction of the coupling protein homolog Cag5 with CagA is independent of the presence of CagZ [40] . Thus, the presence of CagA is not required for the interaction between Cag5 and CagZ [40] . The binding of CagZ and Cag5 to the membrane-spanning core complex could be a means to recruit CagA to the translocation channel of the cag T4S system (Fig. 1) [40]. In this context, the potential role of CagZ as a chaperone can be inferred by an analogy with the type III secretion system chaperone proteins [40, 60] . CagZ, like these chaperons, is typically characterized by a low pI and a low molecular weight, with a primarily negative molecular surface and a cluster of negative residues in two of its helices [32, 60] .
CagU (Cag11/HP0531)
CagU is an inner membrane protein of~24 kDa (218 amino acids) [26, 27] . It does not have a predicted SS but has three predicted transmembrane helices between residues 101-119, 140-158, and 178-196 [26,27] . As with CagZ, CagU also has an unstructured region located, in particular, between residues 1-21 [61] . CagU is transcribed as a polycistronic mRNA that includes the gene cagT (VirB7) [44, 45] . CagU seems to be unique as no interaction between CagU and any of the other structural components of the cag T4SS has been described so far, even with its own operon partner, CagT [44, 59] . cagU mutants are unable to transport CagA or induce IL-8 secretion in target cells, but the reasons for these defects are not completely understood. It has been reported that the operon cagU-cagT is required for pilus production [62] , but only CagT has been identified as necessary for the formation of pili by a mutation and complementation experiment [43] . Nevertheless, it is known that the absence of CagU may influence CagI stability; the deletion of cagU in isogenic mutants of the H. pylori strain P12 significantly reduced the levels of CagI, which plays a main role in pili formation [56] . Additionally, CagU may contribute to formation of a cytoplasmic membrane pore with CagH and CagW (VirB6), which has been proposed as an inner membrane-associated structural component (Fig. 1) 
CagG (Cag21/HP0542)
The CagG consists of 142 amino acids with a predicted pI between 4 and 6 and a SS that suggests its localization is in the periplasm (Fig. 1) [22, 26, 56] . In H. pylori, cagG mutant strains are incapable of delivering CagA into gastric epithelial cells, even though they retain the capacity to induce IL-8 production [34] .
cagG is transcribed as a polycistronic mRNA that includes the genes cagC-cagL and/or cagF-cagL [45] . Curiously, although cagG and cagH are expressed simultaneously, there is no evidence that their products, CagG and CagH, interact. In isogenic mutants in cagG from H. pylori strain P12 grown in the absence of host cells, there is essentially no detectable CagI and CagL [56] . Similar results were obtained for H. pylori strain 26695 grown in the absence of target cells, where CagH and CagI were not detected and no pili-like structure was observed in the isogenic mutants of cagG [41] . However, as none of these studies included complementation of cagG mutants, the actual contribution of this protein to all these phenotypes is not clear. However, the fact that these genes form an operon reflects a close functional connection of their products [56] .
Conclusion
Highly virulent H. pylori strains harbor a cag PAI encoding a T4SS. This T4SS forms a structure analogous to a macromolecular syringe to inject the oncoprotein CagA and peptidoglycan into host target cells. Despite recent studies on the VirB/VirD4 homolog components of the cag T4SS, the roles that they play in the secretion of CagA and the induction of IL-8 in gastric epithelial cells remain unclear. A lack of knowledge of the functional interactions and structural characteristics are particularly evident for these unique constituents of cag T4SS. Multiple lines of evidence indicate that this lack of knowledge is partially due to the fact that the encoded proteins do not act individually but rather in complexes that form multimeric structures. For this reason, the absence of one or several of these particular components leads to erroneous protein-protein interactions in the membrane-spanning core complex or the pilus structures, as occurs when Cag3, CagI, CagH or CagM are not present. Further studies focusing on the network of these protein-protein interactions and their structural characteristics are necessary to clarify the assembly and structural organization of these unique components of cag T4SS. Therefore, this new knowledge will help to understand the complex architecture of this apparatus of secretion and the molecular mechanisms that regulate the activation of CagA secretion when the cag T4SS contacts gastric epithelial cells. 
